The immunotherapy is currently changing the landscape of oncology. Nowadays the standard of care in metastatic or unresectable melanoma patients include immunomodulating modalities such as anti-PD-1 drugs (nivolumab, pembrolizumab) and anti-CTLA-4 antibody ipilimumab. The improvements of progression free survival and overall survival connected with those treatments were unprecedented and have been confirmed in stage III trials. The efficacy of immunotherapy in metastatic setting can be further upgraded in some groups of patients by combining both types of antibodies. Latest clinical data suggest that treatment with immunotherapy can be also favorable for patients in adjuvant setting. Other treatment approaches based on immunological response (e.g. oncolytic viruses or adoptive cell therapy) have been proven useful in specific clinical situations. The future of melanoma treatment is still evolving, new molecular targets are being invented and hopefully current endeavors will led to further improvement of patients' survival. This review aims to summarize current state of immunotherapy in melanoma and identifying possible directions of development.
Introduction
The immunotherapy is currently changing the landscape of oncology. The molecular mechanism of immunotherapy is based on the interaction between immune system and molecules present on the surface of cancer cell. The immune response against neoplasms is mainly mediated by the adaptive immune system and cytotoxic lymphocytes T. In order to react against any foreign cell, naïve lymphocytes T must be activated and thus cytotoxic response can be started via two signals: the first signal is mediated by T cell receptor (TCR) connected to a specific antigen on an antigen presenting cell (APC), and the secondary signal is based on the interaction between a CD28 receptor on lymphocyte surface and CD80/86 on APC. Immune cells can also receive inhibitory signals in order protect from autoimmunological reactions, to reduce inflammation, and to enable fetomaternal tolerance. So far, many antibodies has been approved for cancer treatment (e.g. rituximab, trastuzumab, alemtuzumab, avelumab).
The first agents of FDA-approved immunotherapies in metastatic/unresectable cutaneous melanomas, which are accountable for the vast majority of deaths caused by skin cancers, include anti-PD-1 drugs (nivolumab, pembrolizumab) and anti-CTLA-4 antibody ipilimumab. In Poland those therapies are available as the first or second line settings of treatment of advanced melanomas. The future of melanoma treatment is still evolving and hopefully will led to further improvement of patients' survival. The results presented during the last American Society of Clinical Oncology (ASCO) Meeting 2017 showed a high rate of responses on further combinations of immune checkpoint inhibitors (anti-CTLA4 and anti-PD1) with different types of immunotherapies, or targeted therapies. Nowadays, numerous of clinical trials actively explore different combinations especially for melanoma patients who had progression on immune checkpoint inhibitors. Addition of epacadostat to pembrolizumab proved to be safe and effective (response rate 56%, with 6% complete remissions), but dependent on the presence of the protein PD-L1 in tumors (71% response rate in PD-L1-positive patients versus 29% in PD-L1-negative patients). The last data coming from clinical trials dedicated to patient who experienced disease progression on immunotherapies proved the safety and efficacy of the immune checkpoint protein LAG-3 antibody in combination with nivolumab which was assessed in 55 melanoma patients. The response rate reached 12.5% in this heavily pre-treated cohort. The LAG-3 expression in tumor tissue was a predictive marker -in LAG-3 positive patients the response was significantly higher than in patients with a LAG-3 presence of less than 1% of positive tumor cells, the response rate equaled a 20% vs. 7% [1] . The next combination of an oncolytic cold virus (CVA21) with ipilimumab tested in 22 patients confirmed a high rate of long duration responses in 10 patients (4 patients had complete remission). The promising opportunity in melanoma patients previously treated with immune checkpoint antibodies is entinostat with pembrolizumab due to a 31% response rate.
The first indications which was proven to be beneficial for patients were renal cancer and melanoma [2, 3] . High-dose bolus IL-2 (HD IL-2) was approved by the FDA in 1998 for the treatment of metastatic melanoma due to the potential for durable complete responses. The published overall response rate (ORR) was 16% (CR 6%, PR 10%) and 60% of the complete responders had durable responses, thus suggesting the potential for long-term control of micrometastatic disease by HD IL-2. The administration of HD IL-2 requires hospitalization with intensive monitoring and is mostly limited to specialized centers with personnel who is experienced in the management of this regimen. During this treatment patients are at risk of multiorgan complications, so often only younger patients with excellent performance status were eligible [4, 5] . The second drug approved by the FDA, but only for adjuvant therapy of resected high-risk melanoma, was interferon α (IFN-α, Intron A). In patients with metastatic melanoma, INF-α was associated with antitumor activity at ORR 22% (CR < 4%) but responses were limited to patients with low-tumor load mainly in cutaneous or soft-tissue sites [6] . The quality of life was significantly affected by side effects such as fever, fatigue, myalgia, and autoimmune events. Pegylated IFN-α (PEG-Intron) permits good tolerability with similar efficacy in metastatic disease [7] . The clinical benefit after HD IL-2 and/ or INF-α has provided "proof of concept" for further research in the field of immunooncology and allowed immunotherapy to intensively develop in the last decade.
Checkpoint inhibitors

Antibody against CTLA-4
In 1987, James P. Allison identified cytotoxic T-lymphocyte antigen 4 (CTLA-4) preventing T cells from attacking tumor cells. The hypothesis was that blockage of the CTLA-4 would allow to active the immune system against cancer cell. In 1996, there were the first data about antitumor activity of blockade of CTLA-4 molecules in mice, which enable to introduce the new molecule into the early phase of clinical trial. In 2010, the outstanding data from the III phase MDX010-20 study about the antitumor activity of ipilimumab were presented, and immediately afterward the drug was registered in advanced melanoma. Its efficacy as 1-year and 2-year survival rates were equal to 46% and 24% for ipilimumab and 25% and 14% for control group respectively. The most extensive group was described in a paper by Schadendorf et al. and included 1861 cases from 2 III phase, 8 II phase trials, 2 observational studies as well as 2965 patients who received ipilimumab in an expanded access program. The follow-up period reached 10 years. The 3-year survival rate was equal to 21% and after this period plateau was observed with the safety issue related to the effect of activation of the autoreactive lymphocytes, which occurred in 18-23% of the patients. The most common ones included colitis, skin lesions and endocrinopathies [8, 9] .
Antibody against programmed death-1 (PD-1)
In the 1990s, Okazaki et al. discovered a molecule on T cells, which was called programmed death 1 (PD-1) [10] . Almost 20 years later, an antibody that targeted PD-1 was developed. The clinical data indicates that anti-PD1 immunoglobulins have been the most effective in melanoma. In the CheckMate 066, such drug (nivolumab) was given to 210 treatment-naïve patients with unresectable or metastatic melanoma. The median OS was not reached and the 1-year survival rate was as high as 72.9%. The median PFS was equal to 5.1 months [11] . The KEYNOTE-006 trial was comparing pembrolizumab administrated every 2 weeks or every 3 weeks to ipilimumab in 4 doses every 3 weeks. The 1-year survival rates reached 74.1%, 68.4% and 58.2% in each group respectively [12] . Both nivolumab and pembrolizumab showed unprecedented efficacy and greatly improved prognosis in melanoma patients. Latest data also suggested that the response to treatment is durable even after ending the immunotherapy. Long term results of KEYNOTE-006 trial shows that 91% of patients who ended 2-year long protocol did not progress [13] . Both nivolumab and pembrolizumab show even more preferable safety profile than ipilimumab. The immune-related adverse events in grade 3 or 4 (according to the CTCAEv4) were present in 10.1-13.3% of patients and were usually manageable with the use of systemic glucocorticosteroids.
Clinical data confirms that immune checkpoint inhibitors showed especially good activity among patients treated for tumors such as melanoma, non-small cell lung carcinoma or bladder cancer. It has been theorized that the response during immunotherapy depends on the number of so called neoantigens -antigens presented on tumor cells which are effect of tumor-specific mutations [14, 15] . Indeed, neoplasms mentioned above are characterized by an especially large number of somatic mutations (mutational tumor load) [16] . Furthermore, some data suggests that even among melanoma tumors, there is a correlation between mutational tumor load and degree of clinical benefit from immunotherapy [17] .
Combination of anti-PD-1 and anti-CTLA-4
Based on the results of the preclinical studies it has been proven that the inhibition of two checkpoint inhibitors (anti PD-1 and anti CTLA-4) was associated with the increased infiltration of inflammatory cells (T lymphocytes) and significantly higher antitumor efficacy of combination therapy than ipilimumab alone. The results from the Checkmate-069 and -067 studies establish that the combination produces impressive clinical antitumor activity and suggests that all of the antitumor effects of immunotherapy are not subsumed in the activity of single agent PD-1 blockade. In 2015 year the results of the phase III study CA209-067 (CheckMate 067) addressed to the metastatic/unresectable melanoma population, confirmed the clinical benefit of combination of nivolumab and ipilimumab over the monotherapy with checkpoint inhibitors [18] . The highest response rate was achieved in the combination arm, but a monotherapy with nivolumab was superior to ipilimumab alone; the responses were 57.6, 43.7 and 19%, respectively. What is more, the combination of checkpoint inhibitors efficacy was the highest published so far in metastatic melanoma patients -median PFS was 11.5 months (95% CI: 8.9-16.7), and was significantly longer than median on ipilimumab alone -2.9 months (95% CI: 2,8-3,4). The overall survival were also improved on combination therapy (2-year OS was 64% for combination vs. 59% for monotherapy with nivolumab, and 45% -for ipilimumab). Treatment-related adverse events of any grade occurred in 82.1% of the patients in the nivolumab group, 95.5% of those in the nivolumab-plus-ipilimumab group, and 86.2% of those in the ipilimumab group. The most common adverse events in the combination arm were diarrhea (44.1%), fatigue (35.1%), and pruritus (33.2%). The grade 3/4 of adverse events were also higher in the nivolumab and ipilimumab group (55.0%) than in the nivolumab group (16.3%) or the ipilimumab group (27.3%). The presented results confirm the clinical utility of the combination therapy over monotherapy but it is obligatory to bear in mind the toxicity profile. In the biomarkers study, patients were stratified according the PD-L1 status, and in population with a positive PD-L1 (higher that 5% of cells with positive expression), the median progression-free survival was 14.0 months (95% CI: 9.1 to not reached) in the nivolumab group, 14.0 months (95% CI: 9.7 to not reached) in the nivolumab-plus-ipilimumab group, and 3.9 months (95% CI: 2.8-4.2) in the ipilimumab group. Among patients with a negative PD-L1 tumor status, the median progression-free survival was 5.3 months (95% CI: 2.8-7.1), 11.2 months (95% CI: 8.0 to not reached), and 2.8 months (95% CI: 2.8-3.1), respectively. Concluding, the combination of checkpoint inhibitors is the best option when the PD-1 expression is below 5%, in other cases -the nivolumab alone is sufficient to reach the satisfactory results in terms of survival with less toxic profile. Nowadays ipilimumab is not considered as a first line treatment in metastatic melanoma, and the nivolumab or pembrolizumab should be administered as monotherapy or combination with anti-CTLA-4 antibodies [19] .
In the light of the latest research, the combination of therapy is mostly required in the patients with brain metastases (the population with very unfavorable prognosis). In 2017, the published data of the CheckMate 204 study showed the significant improvement of survival of patients with asymptomatic brain metastases (at least one metastases of the size: 0.5-3 cm) receiving the combination therapy over the monotherapy with ipilimumab. The treatment was based on the following schema: nivolumab (1 mg/kg) and ipilimumab (3 mg/kg every 3 weeks × 4) followed by nivolumab 3 mg/kg every 2 weeks until disease progression or unacceptable toxicity. The stereotactic radiosurgery was allowed in this study. Due to the 56% of intracranial responses reached in this study, it is suggested that combination may be a new treatment paradigm in patients with asymptomatic brain metastases [20] . The studies dedicated to the patients with symptomatic brain metastases showed also promising results of combination of checkpoint inhibitors. The results of randomized phase II study, where patients were assigned to the one of two cohorts: nivolumab with ipilimumab or nivolumab with placebo, indicate that the intracranial response also was significantly better on combination (ORR was 44%) than in monotherapy (ORR was 20%); the 6-month progression free survival was 50% [21] .
Talimogene laherparepvec (T-VEC)
Whereas previously described substances are monoclonal antibodies and work in the mechanism of checkpoint blockage, the last one -T-VEC is a unique example of an oncolytic virus which was genetically modified to target tumor cells as well as to boost antineoplastic immune response [22] . During the genetic engineering of T-VEC, the gene for granulocyte macrophage colony-stimulating factor (GM-CSF) was induced while genes encoding ICP34.5 and ICP47 have been completely deleted in order to ensure tumor selectivity [23] . In a phase III study, T-VEC was compared with subcutaneous injections of GM-CSF on a group of 436 patients with stage IIIB, IIIC or IV unresectable melanoma. It showed noticeable clinical benefit with durable responses in the subgroup of patients with stage IIIB/IIIC/ IVA disease where the median OS reached 41.1 months [24] . The summary of the use and results of therapy with immunomodulating agents used currently in melanoma therapy is presented in Table 1 .
Adoptive cell therapy
Adoptive cell therapy (ACT) involves collection of lymphocytes from the patient, followed by in vitro selection, expansion and their activation with subsequent infusion of processed lymphocytes back into the patient to induce an immune anticancer responses. The cells most commonly used for ACT are peripheral blood lymphocytes or tumor-infiltrating lymphocytes [TIL] . A recent reports demonstrates an ORR of 56% observed in 93 patients with manageable toxicities. Patients, who achieved a complete response, has durable relapse free survival with a median follow-up of 31 months [25] . A novel approach of ACT is the infusion of isolated and expanded autologous CD4+ T-cell activated by the melanoma-associated antigen -NY-ESO-1. In patients with refractory metastatic melanoma, the transferred CD4+ T cells also mediated a durable remission, additionally against melanoma antigens other than NY-ESO-1 [26] . These complex therapies require the development of a "custom made drug" for each patient, with weeks of cell culture, skilled man-hours, and patient preparation. The hurdles that must be surpassed for ACT are economic costs, and their availability limited only to specialized and subsidized centers experienced with immunotherapies and toxicity management. What is more, immune cells can be genetically engineered to express a tumor-specific receptor, cultured and returned to the patient. Natural killer cells, lymphokine-activated killer cells, cytotoxic T cells and dendritic cells are used the most commonly in this procedure. The cost of this treatment is high, and the only one approved cell-based therapy is Sipuleucel-T registered for the treatment of prostate cancer.
Current standard of care of advanced melanoma
Treatment of metastatic melanoma
Modern systemic treatment of unresectable or metastatic melanoma includes targeted therapy and immune-therapeutics. Targeted therapy has been developed for melanoma with the hot-spot mutation in BRAF codon V600 which is present in about 50% of cases [11] . It has been proven in a number of studies that the most effective treatment for this group of patients consists of the combination of a BRAF inhibitor and MEK inhibitor [12] [13] [14] . IO agents approved globally for routine clinical usage include three checkpoint inhibitors -two anti-PD1 antibodies (nivolumab and pembrolizumab), one anti-CL-TA-4 immunoglobulin (ipilimumab) and a representative of a new therapeutic group, oncolytic virus, talimogene laherparepvec (T-VEC).
Adjuvant therapy
Until recently, the standard of care for resected melanoma was treatment with interferon. The implication of this treatment on survival were limited. However the published results from the EORTC 18071 trial have changed this standard of care. This phase 3 randomized trial compared ipilimumab (10 mg/kg) to placebo in patients who had undergone complete resection of stage III melanoma. In this study, 951 patients were randomly (1 : 1) assigned to treatment with ipilimumab every 3 weeks for 4 doses, then every 3 months for up to 3 years or until disease recurrence or to placebo. The 5-year rate of recurrence-free survival was 41% in the ipilimumab group and 30% in the placebo group. The 5-year overall survival was 65% in the ipilimumab group and 54% in the placebo group. With 2.7 median follow up, the median relapse-free survival (RFS) on ipilimumab arm was significantly superior that in placebo; 26.1 vs. 17.1 months respectively. The improvement was noticed in both populations: with macro-and/or micrometastases to the regional lymph nodes. The effect of treatment was even more remarkable in population with ulceration of primary site. The treatment related side effects were significantly more commonly observed in ipilimumab group than in placebo: 54% patients experienced 3/4 grade of toxicity acc. CTCEA v.4 in comparison to 25% of the placebo group. What is more, in half of population treatment with ipilimumab, the therapy must have been stopped due to the safety issue, 5 patients (1%) died because of ipilimumab toxicity [27] . In 2015 this adjuvant ipilimumab gained US Food and Drug Administration (FDA) approval, but practically this treatment has limited usage due to the high rated of toxicity and cost (about 1 million US dollar per patient). On the other hand, the presented in 2016 update of trial (with 5.3 median follow up), indicates the significant improvement of RFS, and overall survival (OS). The 5-year OS in ipilimumab group was 65,4%, and was significantly higher than in placebo group -54,4%; (HR 0,72, 95,1% CI: 0,58-0,88; p = 0,001) [28] . Nowadays the clinical trials are ongoing with anti-PD1 antibodies in adjuvant settings. The first data presented in 2017 showed, that nivolumab administered in patients with melanoma after lymphadenectomy (IIIB, IIIC and IV Stage) is related to the 10% of RFS improvement with lower toxicity as compared with ipilimumab [29] . The trial with combination anti-CTLA-4 and anti-PD-1 are ongoing, as well, the results are pending.
Future directions
As mentioned above, currently first line therapeutic options for advanced melanoma include immunotherapy with anti-PD1 antibodies (combination of PD1/CTLA-4 blockers can be an option in a specific group of patients) or targeted therapy with BRAF and MEK inhibitors in BRAF V600 mutated cases whereas dacarbazine-based chemotherapy should be considered only in later lines of treatment [30, 31] . Yet the data on the optimal first line treatment (IO or targeted therapy) are sparse. New therapeutic agents for immunomodulatory treatment are also emerging rapidly. There is research concerning fully utilizing available treatment options as well as developing new drugs. The best first line treatment in the whole population of advanced melanoma patients is unknown. Some small academic clinical trials try to answer this question in specific subgroups of cases. For example, an Australian trial, Anti-PD1 Brain Collaboration (ABC) focused on 76 melanoma patients with brain metastases. Patients received nivolumab or nivolumab and ipilimumab. It has been shown that combination of these two drugs was more effective with an objective response rate of 42% months whereas nivolumab monotherapy resulted in 20% or 6% ORR (in asymptomatic and neurologically symptomatic patients respectively). The activity of nivolumab +ipilimumab was high only when it was the first line treatment -after BRAFi/MEKi therapy ORR was only 16% (NCT02374242) [21] . On the other hand in the study by Schreuer et al patients who progressed on targeted therapy and subsequently received immunotherapy were re-challenged with a combination of dabrafenib and trametinib and in 18/25 (72%) cases clinical benefit was noted which may suggest preferable start with targeted therapy in order to maximize the survival outcome [32] .
A thrilling therapeutic option is a combination of simultaneous PD1/PD-L1 blockage and inhibition of BRAF pathway. There are currently ongoing trial that facilitate treatment with pembrolizumab, dabrafenib and trametinib (NCT02130466) and atezolizumab (anti-PD-L1) with vemurafenib and cobimetinib (NCT02908672).
There are several immunomodulatory receptors both on the surface of lymphocytes and in the tumor microenvironment which can serve as potential targets in enhancing the antineoplastic cytotoxic effect of the immune system. Some of them are summarized in Table 2 . Arguably the next most attractive target in IO management of melanoma after PD1/PD-L1 pathway is indoleamine 2,3-dioxygenase (IDO). IDO is an enzyme encoded by gene IDO1 which takes part in tryptophan catabolism. It catalyzes the first, rate-limiting step of conversion of tryptophan into N'-Formylkynurenine. IDO, similarly to PD-L1 is highly expressed in the human placenta, but it was also detected in malignant tumor microenvironment [33] [34] [35] [36] . The preclinical data suggest that tryptophan depletion induced by IDO results in inhibition T cell proliferation and promotion of Treg activity [37, 38] . Epacadostat is the first selective, oral IDO inhibitor subject to clinical trials. In a phase I study it showed an acceptable toxicity profile and clinical benefit for 7 out of 52 cases was noticed. Currently a phase III [39] . Clinical studies on other immunomodulatory agents are summarized in Table 3 .
Summary
This and many other developing melanoma immunotherapies represent the promise and potential of immunotherapy as a more effective, lifesaving cure for skin cancer.
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